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ELECTRIC CONNECTOR INCLUDING
CONNECTOR TERMINAL WITH BUFFER
PORTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a connector terminal for electri-
cally connecting objects such as printed circuit boards to each
other, and further to an electric connector including the con-
nector terminal.

2. Description of the Related Art

There is known an electric connector including a plurality
of' needle-shaped connector terminals each having contact at
opposite ends thereof, a male housing in which the connector
terminals are arranged in a line and which is mounted on a
first printed circuit board, and a female housing into which the
male housing is fit and which is mounted on a second printed
circuit board. The connector terminal at the contact formed at
one end thereof passes a through-hole formed through the
female housing, and is inserted into a through-hole formed
through the second printed circuit board, thereby the first and
second printed circuit boards are electrically connected to
each other.

In an electric connector for electrically connecting two
printed circuit boards to each other through connector termi-
nals, it is important that two printed circuit boards keep a
designed positional relation. For instance, if a positional rela-
tion between two printed circuit boards were deflected from
an intended relation, even if a connector terminal could be
inserted through a contact thereof into a first printed circuit
board, the connector terminal might not be inserted into a
second printed circuit board. In particular, when there are
employed a plurality of electric connectors, a connector ter-
minal may not be inserted into a second printed circuit board
with high possibility.

FIG. 30 is a perspective view of the electric connector
suggested in Japanese Patent Application Publication No. H9
(1997)-260004.

The illustrated electric connector includes a housing 61 in
which a plurality of terminals 60 are arranged, a first guide 62
for guiding the housing 61 to move in an X-axis direction, and
a second guide 63 for guiding the first guide 62 to move in a
Y-axis direction. As illustrated in FIG. 30, the terminals 60
downwardly extend through a lower surface of the second
guide 63.

FIG. 31 is an enlarged view of the terminal 60.

As illustrated in FIG. 31, the terminal 60 is designed to
include a wavy portion 60aq in a length-wise direction thereof.
The wavy portion 60a provides sufficient flexibility to the
terminal 60. The wavy portion 60a is bended to thereby
absorb the deflection in a positional relation between the
housing 61 and the second guide 63, that is, between opposite
ends of the terminal 60.

FIG. 32 is a cross-sectional view of the male connector
suggested in Japanese Patent Application Publication No.
2006-12708.

The illustrated male connector 70 is fit into a female con-
nector (not illustrated), and includes a housing 70a formed
therein with a space 72, and male terminals 13 projecting into
the space 72.

The male terminal 73 is designed to have a portion 735
thinner than the rest of the male terminal 73. Adjacent to the
space 72, there is formed a second space 75. The second space
75 has a size sufficient for the portion 735 to be bent. Thus, the
portion 734 is bent to thereby absorb deflection in a positional
relation between upper and lower printed circuit boards, and/
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2

or bending of the male connector 73 caused when the male
connector 70 is inserted into the female connector.

In the conventional electric connector illustrated in FIG.
30, the wavy portion 60a and a male contact formed at a lower
end of the terminal 60 are formed integral in a strip-shaped
plate. Since the wavy portion 60a is curved in a width-wise
direction of the strip-shaped plate, the wavy portion 60a has
a width and a thickness both equal to those of the male
contact. Thus, it is considered necessary to exert a tension
force on the wavy portion 60q in order for the wavy portion
60a to be deformed to absorb the positional gap between the
housing 61 and the second guide 63.

Accordingly, even if the terminal 60 through which two
printed circuit boards are electrically connected to each other
were designed to include the wavy portion 60a, and were
inserted through opposite ends thereof into the two printed
circuit boards, the wavy portion 60a would be very difficult to
be bent, if a positional gap between the housing 61 and the
second guide 63 is big, in which case, the terminal 60 would
be damaged if the contact formed at a lower end of the
terminal 60 is forced to be inserted into a printed circuit board.

In the conventional male connector illustrated in FIG. 32,
the portion 735 is designed to have a diameter smaller than the
same of a contact formed at a top end of the male terminal 73.
However, if the portion 735 is hammered to thereby have a
smaller diameter, a metal density and hence a hardness of the
portion 735 increases by being hammered, resulting in that
the portion 735 is difficult to be bent.

SUMMARY OF THE INVENTION

In view of the above-mentioned problems in the conven-
tional connectors, it is an object of the present invention to
provide a connector terminal including a buffer portion
capable of being readily bent when male and female housings
are fit into each other, to thereby absorb a positional gap
between the male and female housings. It is further an object
of the present invention to provide an electric connector
employing therein the above-mentioned connector terminal.

In one aspect of the present invention, there is provided a
connector terminal including a first contact at one end, a
second contact at the other end, and a buffer portion, the
connector terminal electrically connecting a first object con-
nected to the first contact to a second object connected to the
second object, the buffer portion being bent in accordance
with a positional gap between the first and second objects, the
buffer portion being smaller in one of a thickness and a width
than the first and second contacts.

In the connector terminal in accordance with the present
invention, the buffer portion is smaller in width or thickness
than the first and second contacts. Thus, even if the buffer
portion were hammered in order to design the buffer portion
to be smaller in width or thickness than the first and second
contacts, the buffer portion would be hammered only in
width-wise or thickness-wise direction thereof, and hence, it
would be possible to avoid the buffer portion from being too
hard, and further, it would be possible for the buffer portion to
be more bendable than the first and second contacts, keeping
rigidity of the first and second contacts as it is. Thus, the
buffer portion can absorb any positional gap between the first
and second objects, even though the positional gap is slight.

It is preferable that the buffer portion is curved in at least
one of a width-wise direction and a thickness-wise direction
thereof.

The bufter portion designed to be curved in a width-wise
direction would be readily bent when the opposite ends of the
connector terminal are deflected in a thickness-wise direc-
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tion, because the buffer portion is thin in a thickness-wise
direction, and could be bent in a width-wise direction when
the opposite ends of the connector terminal are deflected in a
width-wise direction, because a degree of curvature of the
buffer portion is made higher at one side and lower at the other
side. The buffer portion designed to be curved in a thickness-
wise direction would be difficult to be bent when the opposite
ends of the connector terminal are deflected in a width-wise
direction, but would be readily bent in a thickness-wise direc-
tion, because the buffer portion is thin in a thickness-wise
direction, and further because a degree of curvature is made
higher at one side and lower at the other side.

It is preferable that the buffer portion is spiral in a length-
wise direction thereof.

Itis preferable that the buffer portion is formed with at least
one slit extending in a length-wise direction thereof.

It is preferable that the buffer portion is formed with a
plurality of slits extending in a length-wise direction thereof,
and the slits being aligned in a width-wise direction of the
buffer portion.

It is preferable that the first and second contacts are com-
prised of at least two layers of a folded plate to be thicker than
the buffer portion.

By folding a plate into two layers to design the first and
second contacts to be thicker than the buffer portion, the
buffer portion can be prevented from being hardened by being
pressed.

It is preferable that the buffer portion produced by ham-
mering or punching in a sheet metal stamping thereby thick-
ness of the buffer portion can be smaller than that of the first
and second contacts.

By forming the first and second contacts and buffer portion
in the above-mentioned manner, the connector terminal
including the first and second contacts both of which are
relatively thick, and the buffer portion which is relatively thin
can be readily fabricated.

In another aspect of the present invention, there is provided
an electric connector including the above-mentioned connec-
tor terminal, a housing mounted on the first object, the hous-
ing being formed with a through-hole into which the first
contact is inserted, and a guide for introducing the first con-
tact to the through-hole when the first contact is inserted into
the through-hole.

In accordance with the above-mentioned electric connec-
tor, even if the opposite ends of the connector terminal were
deflected, the guide introduces the first contact to the through-
hole with the buffer portion being bent, ensuring that the first
contact can be surely inserted into the through-hole.

It is preferable that the guide includes a hole leading to the
through-hole, and a slope downwardly inclining in a direction
in which the first contact is inserted into the through-hole, and
making contact at a lower end thereof with an upper end of the
hole.

By designing the guide to include the above-defined slope,
when the first contact is to be inserted into a through-hole, the
first contact is guided with a distal end thereof being sliding
on the slope.

It is preferable that a plurality of the connector terminals is
arranged in a line, the electric connector includes a plurality
of'the guides in accordance with the plurality of the connector
terminals, and each of the guides has a rectangular entrance
opening, the guides being arranged in a line such that an
entrance opening of a first guide is located close to an
entrance opening of a second guide disposed adjacent to the
first guide.
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4

It is possible to arrange the guides without a space, ensur-
ing that the connector terminals can be arranged at a small
pitch.

The advantages obtained by the aforementioned present
invention will be described herein below.

In the connector terminal in accordance with the present
invention, since the buffer portion is designed to be thinner in
a width-wise or thickness-wise direction than the first and
second contacts, the buffer portion can be bent more readily
than the first and second contacts when the connector termi-
nal is inserted into a housing, ensuring the buffer portion can
absorb the deflection between opposite ends thereof.

The above and other objects and advantageous features of
the present invention will be made apparent from the follow-
ing description made with reference to the accompanying
drawings, in which like reference characters designate the
same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of the electric
connector in accordance with the first embodiment of the
present invention, including a male housing in which connec-
tor terminals are housed, and a female housing into which the
male housing is fit.

FIG. 2 is a perspective view of the male and female hous-
ings of the electric connector illustrated in FIG. 1, showing a
condition before the male and female housings are fit into
each other.

FIG. 3 is a plan view of the female connector of the electric
connector illustrated in FIG. 1.

FIG. 4A is a front view of the connector terminal used in
the electric connector illustrated in FIG. 1.

FIG. 4B is a side view of the connector terminal used in the
electric connector illustrated in FIG. 1.

FIG. 5 is a perspective view of the connector terminal
illustrated in FIGS. 4A and 4B.

FIG. 6A is a front view of a metal plate from which the
connector terminal illustrated in FIGS. 4A and 4B is fabri-
cated.

FIG. 6B is a side view of a metal plate from which the
connector terminal illustrated in FIGS. 4A and 4B is fabri-
cated.

FIG. 7 is a front view of the male and female housings of
the electric connector illustrated in FIG. 2, showing a condi-
tion when the male and female housings approach each other.

FIG. 8 is a front view of the male and female housings of
the electric connector illustrated in FIG. 2, showing a condi-
tion when the male and female housings are fit into each other.

FIG. 9 is a cross-sectional view taken along the line A-A
shown in FIG. 7.

FIG. 10 is a cross-sectional view of the electric connector
illustrated in FIG. 9, showing a condition that the connector
terminal is inserted into a housing without deflection in a
positional relation between upper and lower printed circuit
boards.

FIG. 11 is a cross-sectional view of the electric connector
illustrated in FIG. 9, showing a condition that the connector
terminal is inserted into a housing with deflection in a posi-
tional relation between upper and lower printed circuit
boards.

FIG. 12 is a cross-sectional view taken along the line B-B
shown in FIG. 8.

FIG. 13 is a perspective view of the electric connector in
accordance with the second embodiment of the present inven-
tion, including connector terminals, a male housing in which
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the connector terminals are housed, a female housing into
which the male housing is fit, and female connector terminals
housed in the female housing.

FIG. 14 is a front view of the male and female housing fit
into each other of the electric connector illustrated in F1G. 13.

FIG. 15 is a cross-sectional view taken along the line B-B
shown in FIG. 14.

FIG. 16 is a perspective view of the female connector
terminal illustrated in FIG. 13, viewed in a direction of the
spring support portion.

FIG. 17 is a perspective view of the female connector
terminal illustrated in FIG. 13, viewed in a direction of the
connector.

FIG. 18A is a front view of the connector terminal in
accordance with the first variant of the connector terminal
illustrated in FIG. 4.

FIG. 18B is a side view of the connector terminal in accor-
dance with the first variant of the connector terminal illus-
trated in FIG. 4.

FIG. 19 is a perspective view of the connector terminal
illustrated in FIGS. 18A and 18B.

FIG. 20A is a front view of the connector terminal in
accordance with the second variant of the connector terminal
illustrated in FIG. 4.

FIG. 20B is a side view of the connector terminal in accor-
dance with the second variant of the connector terminal illus-
trated in FIG. 4.

FIG. 21 is a perspective view of the connector terminal
illustrated in FIGS. 20A and 20B.

FIG. 22A is a front view of the connector terminal in
accordance with the third variant of the connector terminal
illustrated in FIG. 4.

FIG. 22B is a side view of the connector terminal in accor-
dance with the third variant of the connector terminal illus-
trated in FIG. 4.

FIG. 23 is a perspective view of the connector terminal
illustrated in FIGS. 22A and 22B.

FIG. 24A is a front view of the connector terminal in
accordance with the fourth variant of the connector terminal
illustrated in FIG. 4.

FIG. 24B is a side view of the connector terminal in accor-
dance with the fourth variant of the connector terminal illus-
trated in FIG. 4.

FIG. 25 is a perspective view of the connector terminal
illustrated in FIGS. 24A and 24B.

FIG. 26A is a front view of the connector terminal in
accordance with the fifth variant of the connector terminal
illustrated in FIG. 4.

FIG. 26B is a side view of the connector terminal in accor-
dance with the fifth variant of the connector terminal illus-
trated in FIG. 4.

FIG. 27 is a perspective view of the connector terminal
illustrated in FIGS. 26 A and 26B.

FIG. 28A is a front view of the connector terminal in
accordance with the sixth variant of the connector terminal
illustrated in FIG. 4.

FIG. 28B is a side view of the connector terminal in accor-
dance with the sixth variant of the connector terminal illus-
trated in FIG. 4.

FIG. 29 is a perspective view of the connector terminal
illustrated in FIGS. 28A and 28B.

FIG. 30 is a perspective view of the conventional electric
connector.

FIG. 31 is an enlarged view of the terminal used in the
conventional electric connector illustrated in FIG. 30.

FIG. 32 is a cross-sectional view of the conventional male
connector.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

The electric connector in accordance with the first embodi-
ment of the present invention will be explained hereinbelow
with reference to the drawings.

As illustrated in FIGS. 1 and 2, the electric connector 10 in
accordance with the first embodiment may be used to electri-
cally connect printed circuit boards equipped in an automo-
bile to each other, for instance. The electric connector 10
electrically connects a printed circuit board P1 as an example
of'a first object to a printed circuit board P2 as an example of
a second object.

The electric connector 10 includes a male housing 20
mounted on the printed circuit board P2, a female housing 30
mounted on the printed circuit board P1 and fit to the male
housing 20, a plurality of connector terminals 40 arranged in
a line in the male housing 20.

The male housing 20 is designed to be almost a rectangular
parallelepiped. The male housing 20 is formed at opposite
ends at a bottom with a pair of bosses 21 inserted into
through-holes P2a of the printed circuit board P2, and further
formed at a front and a rear with engagement projections 22
making engagement with recesses 32 formed at an inner wall
of the female housing 30. The male housing 20 is formed
therein with a plurality of terminal storage rooms 23 (see F1G.
9) in which the connector terminals 40 are housed with oppo-
site ends thereof being projected beyond the male housing 20.
The terminal storage rooms 23 are arranged in a line in a
length-wise direction of the male housing 20, and are
designed to align with the through-holes P2a formed through
the printed circuit board P2.

The female housing 30 is substantially in the form of a box
and has a rectangular opening at a top. An inner space of the
female housing 30 defines a space into which the male hous-
ing 20 is inserted. The female housing 30 is formed at oppo-
site ends at a bottom with a pair of bosses 31 inserted into
through-holes P1a of the printed circuit board P1. The female
housing 30 is formed at front and rear inner walls thereof with
recesses 32 with which the engagement projections 22 of the
male housing 20 make engagement.

Since the engagement between the engagement projection
22 and the recesses 32 is designed to be a fitting with play
(so-called free fit), the male housing 20 and the female hous-
ing 30 are able to slightly move relative to each other.

As illustrated in FIGS. 1 and 3, the male housing 30 is
formed at a bottom with a plurality of guides 33 each defining
a through-hole through which the connector terminal 40 is
inserted. The guides 33 are aligned in accordance with both
the arrangement of the connector terminals 40 and the
arrangement of the through-holes P15 of the printed circuit
board P1.

As illustrated in FIGS. 3 and 9, each of the guides 33 is
designed to have a hole leading to the through-hole P15, and
a slope 33a connecting at a lower end thereof with an upper
end of the hole. Each of the guides 33 has a rectangular
entrance opening having a contour broader than the same of
the through-hole P14, and a rectangular exit opening having a
size almost equal to a size of the through-hole P14. As illus-
trated in FIG. 9, the slope 33a downwardly inclines from the
entrance opening towards the exit opening, that is, inclines in
a direction in which the connector terminal 40 is inserted into
the through-hole P14.

The connector terminal 40 illustrated in FIGS. 4A, 4B and
5 is a male connector terminal designed to have at one end
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thereof a first contact 42 to be inserted into and soldered in the
through-hole P15, and at the other end thereof a second con-
tact 21 to be inserted into and soldered in the through-hole
P25b. The first and second contact 42 and 41 are formed by
folding a strip-shaped plate into two layers about bending
lines 46 and 47 perpendicular to an axis of the plate. The
connector terminal 40 is formed in the vicinity of the second
contact 41 with a pair of shoulders 43 at which the connector
terminal 40 is pushed into the terminal storage room 23.
Adjacent to the shoulders 43, the connector terminal 40 is
formed with an engagement portion 44 making engagement
with an inner wall of the terminal storage room 23 when the
connector terminal 40 is inserted into the terminal storage
room 23. The engagement portion 44 includes a pair of first
projections 44 A, and a pair of second projections 44B located
closer to the shoulders 43 than the first projections 44A and
having a height greater than the same of the first projections
44A.

The connector terminal 40 includes, between the first and
second contacts 41 and 42, and the engagement portion 44, a
buffer portion 45 bendable in accordance with deflection of
an axis of the connector terminal 40. The buffer portion 45 is
designed to have a width equal to the same of the first and
second contacts 42 and 41. Since the first and second contacts
42 and 41 are formed by folding a strip-shaped plate into two
layers, the buffer portion 45 has a thickness equal to a half of
a thickness of the first and second contacts 42 and 41. The
buffer portion 45 is designed to be wavy by alternately being
curved in opposite width-wise directions.

The connector terminal 40 is formed by punching a metal
plate to have such a contour as illustrated in FIGS. 6 A and 6B,
folding the plate about lines 46 and 47 (shown with a broken
line in FIGS. 6 A and 6B) into two layers one on another, and
grinding the folded plate at corners of opposite ends to be
sharp to thereby form the first and second contacts 42 and 41.
Thus, the connector terminal 40 including the first and second
contacts 42 and 41 both thicker than the buffer portion 45 can
bereadily fabricated ofa single plate by punching a thin metal
plate, and bending the plate about the bending lines 46 and 47.

The electric connector 10 in accordance with the first
embodiment of the present invention, having the above-men-
tioned structure, is used as follows.

As illustrated in FIGS. 7 and 9, the male housing 20
mounted on the printed circuit board P2 is aligned with the
female housing 30 mounted on the printed circuit board P1,
and the first contact 42 of the connector terminal 40 is aligned
with the guide 33 of the female housing 30. Then, the male
housing 20 is inserted into and fit in the female housing 30.

If the printed circuit boards P1 and P2 were in a designed
positional relation, as illustrated in FIG. 10, the first contact
42 passes through the guide 33 at a center of the guide 33, and
is inserted into the through-hole P15 of the printed circuit
board P1.

As illustrated in FIG. 11, even if a positional relation
between the printed circuit boards P1 and P2 were deflected,
and thereby a positional relation between the male housing 20
and the female housing 30 were deflected, the first contact 42
makes abutment at a distal end thereof with the slope 33a of
the guide 33, and is introduced to the exit opening, sliding on
an inclined surface of the slope 33a. When the first contact 42
is introduced to the exit opening of the guide 33, an axis of the
connector terminal 40 is curved, however, since the connector
terminal 40 includes the buffer portion 45 bendable in accor-
dance with curvature of the axis, the buffer portion 45 is bent,
and hence, the first contact 42 is introduced to the through-
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hole P15 through the guide 33, and is inserted into the
through-hole P15 without the connector terminal 40 being
buckled.

For instance, when the first and second contacts 42 and 41
are deflected in a thickness-wise direction, the buffer portion
45 composed of a thin plate is bent in a thickness-wise direc-
tion, and the first contact 42 is guided by the guide 33 and
inserted into the through-hole P14.

When the first and second contacts 42 and 41 were
deflected in a width-wise direction, a curvature of the buffer
portion being wavy in a width-wise direction is made higher
at one side and lower at the other side. Thus, the first contact
42 is introduced by the guide 33 to thereby be inserted into the
through-hole P15 with the connector terminal 40 being bent
in a width-wise direction.

As mentioned above, it is possible to cause the first contact
42 to pass through the guide 33 with less resistance, and to be
surely inserted into the through-hole P15 of the printed circuit
board P1.

The buffer portion 45 is designed to have a thickness equal
to a half of a thickness of the first and second contacts 42 and
41, and a width almost equal to the same of the first and
second contacts 42 and 41. Accordingly, the buffer portion 45
is able to have strength in a width-wise direction, and to be
more bendable than the first and second contacts 42 and 41 in
a thickness-wise direction. Furthermore, since the first and
second contacts 42 and 41 are formed by folding a plate into
two layers, the buffer portion 45 is thinner than the first and
second contacts 42 and 41, and further, since the buffer por-
tion 45 is not formed by compressing a metal plate, the buffer
portion 45 is prevented from being hardened. Thus, the first
and second contacts 42 and 41 can keep a requisite rigidity,
and the buffer portion 45 can absorb the deflection of an axis
of'the connector terminal 40 by being bent, even if the deflec-
tion were slight.

In addition, since the guide 33 is designed to be rectangu-
lar, and the guides 33 are arranged in a line, the guides 33 can
be arranged without a space between adjacent guides. Since a
rectangular entrance opening can be greater in an area than a
circular entrance opening, if the connector terminals 40 are
arranged at a constant pitch, it is possible to align the connec-
tor terminals 40 at a smaller pitch, and further, the first contact
42 can be readily introduced into the through-hole P14.

In the above explanation, the deflection in a positional
relation between the printed circuit boards P1 and P2, caused
when the connector terminal 40 is inserted into the through-
hole P15 through the female housing 30, is mentioned. In the
case that the electric connector 10 is equipped in an automo-
bile, after the male housing 20 and the female housing 30
were fit into each other and the first contact 42 was soldered
to the printed circuit board P1, the deflection in a positional
relation between the male housing 20 and the female housing
30 may be caused due to oscillation and/or thermal expansion
of'the printed circuit boards P1 and P2 caused by temperature
fluctuation therearound.

In such a case, the buffer portion 45 is bent in the terminal
storage room 23 to absorb the deflection in an axis between
the first and second contacts 42 and 41, and hence, even if the
deflection in a positional relation between the printed circuit
boards P1 and P2 were caused due to oscillation and/or ther-
mal expansion, it is possible to avoid a problem that a load
exerts on the first and second contacts 42 and 41, and hence,
the solder peels off.

Though the buffer portion 45 in the first embodiment is
designed to have a width equal to the same of the first and
second contacts 42 and 41, the buffer portion 45 is readily
bendable in a thickness-wise direction, because the buffer
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portion 45 is thinner than the first and second contacts 42 and
41, and the buffer portion 45 is readily bendable in a width-
wise direction, because the buffer portion 45 is wavy in a
width-wise direction.

Second Embodiment

The electric connector in accordance with the second
embodiment of the present invention is explained hereinbe-
low with reference to the drawings. The female housing 30x
in the electric connector 10x in accordance with the second
embodiment is designed to include a plurality of female con-
nector terminals into which the connector terminals 40 are
inserted. In FIGS. 13 to 15, parts or elements that correspond
to those of the electric connector illustrated in FIG. 1 have
been provided with the same reference numerals, and will not
be explained.

The electric connector 10x in accordance with the second
embodiment, illustrated in FIGS. 13 and 14, includes a male
housing 20x mounted on a printed circuit board (not illus-
trated) as a first object, a plurality of connector terminals 40
housed in the male housing 20x, a female housing 30x
mounted on the printed circuit board P2 as a second object,
and a plurality of female connector terminals 50 housed in the
female housing 30x.

The male housing 20x is in the form of a box having a
bottom, and is open at a side opposite to the bottom. The male
housing 20x include a housing main body 24 in which the
connector terminals 40 are fixedly arranged in a matrix, and a
pair of flanges 25 outwardly extending in a length-wise direc-
tion of the housing main body 24 from opposite ends of the
housing main body 24.

The housing main body 24 is formed by peripheral wall
242 with openings 241 and recesses (not illustrated) making
engagement with projections 341 and convexes 342 of the
female housing 30x. Since the engagement between the pro-
jections 341 and the openings 241 and the engagement
between the convexes 342 and the recesses are designed to be
a fitting with play (so-called free fit), the male housing 20x
and the female housing 30x are able to slightly move relative
to each other. The flanges 25 are formed with through-holes
251 through which the male housing 20x is fixed to a printed
circuit board by means of a fixing unit.

The female housing 30x is designed to be almost rectan-
gular, when viewed vertically. The female housing 30x
include a housing main body 34 in which terminal storage
rooms R in which the female connector terminals 50 are
housed and arranged in a matrix, and a pair of flanges 35
outwardly extending in a length-wise direction of the housing
main body 34 from opposite ends of the housing main body
34.

As illustrated in FIG. 15, a pair of lance portions 344
obliquely extends from opposite surfaces of a partition wall
343, that is, an inner wall for partitioning two rows of the
terminal storage rooms R arranged in a length-wise direction
of the housing main body 34.

Asillustrated in FIGS. 13 and 14, the flanges 35 are formed
with through-holes 351 through which the female housing
30xis fixed to the printed circuit board P2 by means of a fixing
unit.

The female connector terminal 50 illustrated in FIGS. 16
and 17 is housed in the terminal storage room R of the female
housing 30x, and includes a terminal main body 51 connected
to a support leg portion 52 through a resilient portion 53. The
female connector terminal 50 is formed by punching a metal
plate, and bending the plate. The female connector terminal
50 is housed in the terminal storage room R such that the first
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contact 42 is inserted into a thickness-wise direction of the
connector terminal 40 (see FIG. 15).

The terminal main body 51 includes a contact portion 511,
a spring support portion 512, a spring portion 513, and a
connector 514.

The contact portion 511 comprises a terminal making con-
tact with one side of a male connector terminal, that is, the
connector terminal 40. The contact portion 511 is formed at a
contact surface thereof with two substantially rectangular
projections 511a. The projections 511a are formed by bead-
ing.

The spring support portion 512 supports the spring portion
513. The spring support portion 512 is formed at a rear surface
(opposite side relative to the spring portion 513) with a sub-
stantially triangular projection 512a making engagement
with the lance portion 344 of the female housing 30x. The
projection 512qa is formed by pressing, including a step of
cutting a bottom of the triangle.

The spring portion 513 is disposed facing the contact por-
tion 511 such that there is formed a space S between the
spring portion 513 and the contact portion 511, into which the
connector terminal 40 of the male electric connector 100 is
inserted. The spring portion 513 is designed to have a width
almost equal to the same of the spring support portion 512,
and downwardly extends from a top end of the spring support
portion 512 through a bending portion 513a to thereby make
contact with the other side of the connector terminal 40. The
spring portion 513 has a structure of a flat spring. The spring
513 is formed at a distal end thereof with a contact 5135
formed by bending the metal plate substantially V-shaped.

The connector 514 acts as a space-limiter restricting a
space between the contact portion 511 and the spring support
portion 512, that is, preventing the contact portion 511 and the
spring support portion 512 from separating away from each
other. The connector 514 connects a side of the contact por-
tion 511 to a side of the spring support portion 512, wherein
the sides extend in a direction in which the connector terminal
40 is inserted into and pulled out of the space S.

The support leg 52 has one end 52a inserted into the printed
circuit board P1 to thereby fix the support leg 52 on the printed
circuit board P1, and the other end connected to the resilient
portion 53. The support leg 52 is formed with a width-in-
creased portion 525 at which the connector terminal 50 is
pushed into the terminal storage room R of the female hous-
ing 30x. The support leg 52 is formed further with a substan-
tially triangular projection 52¢ making engagement with a
projection formed with the female housing 30x. The projec-
tion 52¢ is formed by pressing, including a step of cutting a
bottom of the triangle.

The resilient portion 53 is designed to have a width smaller
than the same of the width-increased portion 525 of the sup-
port leg 52 in order to be readily and resiliently bendable. The
resilient portion 53 comprises a substantially U-shaped flat
spring disposed between a distal end of the supportleg 52 and
a proximal or top end of the contact portion 511.

The electric connector 10x in accordance with the second
embodiment of the present invention, having the above-men-
tioned structure, is used as follows.

As illustrated in FIG. 15, the connector terminal 40 of the
male housing 20 is inserted through the first contact 42 into
the insertion space S formed in the female connector terminal
50 housed in the female housing 30x.

Being inserted into the insertion space S of the female
connector terminal 50, the connector terminal 40 makes con-
tact at one side with the contact portion 511 and at the other
side with the spring portion 513 by virtue of a compression
force derived from a resilient reaction force of the spring
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portion 513. Thus, the connector terminal 40 is sandwiched
between the contact portion 511 and the spring portion 513.

Herein, it is supposed that the connector terminal 40 is
inserted into the female connector terminal 50 with a posi-
tional relation between the printed circuit boards P1 and P2
being deflected, or that after the male connector terminal 40
has been inserted into the female connector terminal 50, a
positional relation between the printed circuit boards P1 and
P2 is deflected by vibration and hence, the connector terminal
40 being inserted into the female connector terminal 50
trembles in the female connector terminal 50.

However, since the contact portion 511 and the spring
support portion 512 are connected to each other through the
joint portion 514, the terminal main body 51 trembles as its
entirety and follows the deflection between the printed circuit
boards P1 and P2, maintaining a contact pressure which the
contact portion 511 and the spring portion 513 exerts on the
connector terminal 40.

Consequently, when a positional relation between the
printed circuit boards P1 and P2 is deflected in a thickness-
wise direction of the connector terminal 40 (a left-right direc-
tionin FIG. 15), the connector terminal 40 can be inserted into
the female connector terminal 50, or the connector terminal
40 can be kept inserted in the female connector terminal 50
without the bending of the buffer portion 45 or with slight
bending of the buffer portion 45.

(First Variant of the Connector Terminal)

A connector terminal in accordance with the first variant of
the connector terminal 40 is explained hereinbelow with ref-
erence to the drawings.

In FIGS. 18A, 18B and 19, parts or elements that corre-
spond to those of the connector terminal illustrated in FIGS.
4A, 4B and 5 have been provided with the same reference
numerals, and will not be explained.

As illustrated in FIGS. 18A, 18B and 19, the connector
terminal 40a in accordance with the first variant is character-
ized in that a buffer portion 45a is curved in a thickness-wise
direction of the connector terminal 40a.

The buffer portion 45a bendable in accordance with the
deflection of an axis of the connector terminal 40a is designed
to be wavy in a thickness-wise direction, that is, designed to
be curved alternately in opposite directions in a thickness-
wise direction. The wavy buffer portion 45 can be formed by
pressing a plate with a raised mold in a direction and with a
recessed mold in the opposite direction in a thickness-wise
direction.

The connector terminal 40a is housed in the terminal stor-
age room 23 of the male housing 20x illustrated in FIG. 15 to
thereby be inserted into the female connector terminal 50 to
electrically connect with the printed circuit board P1.

The buffer portion 454 having the above-mentioned struc-
ture is difficult to be bendable in a width-wise direction, but
easy to be bendable in a thickness-wise direction, ensuring
that even if the first and second contacts 42 and 41 are sig-
nificantly deflected in a thickness-wise direction, the connec-
tor terminal 40a can be prevented from being buckled due to
the excessive insertion into the female connector terminal 50.
(Second Variant of the Connector Terminal)

A connector terminal in accordance with the second variant
of the connector terminal 40 is explained hereinbelow with
reference to the drawings.

In FIGS. 20A, 20B and 21, parts or elements that corre-
spond to those of the connector terminal illustrated in FIGS.
4A,4B,5,18A, 18B and 19 have been provided with the same
reference numerals, and will not be explained.

As illustrated in FIGS. 20A, 20B and 21, a connector
terminal 405 in accordance with the second variant is char-
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acterized in that a buffer portion 455 is curved in a thickness-
wise direction, and the buffer portion 455 is formed with a slit
451 extending in a length-wise direction.

Similarly to the first variant (see FIGS. 18A, 18B and 19),
the buffer portion 455 bendable in accordance with the
deflection in an axis of the connector terminal 405 is designed
wavy in a thickness-wise direction, that is, curved alternately
in opposite directions in a thickness-wise direction. The slit
451 extending in a length-wise direction divides the buffer
portion 455 into two resilient pieces both of which are in the
form of a thin plate.

By inserting the connector terminal 405 into the terminal
storage room 23 of the male housing 20 illustrated in FIGS. 9
to 12, the connector terminal 405 can be inserted into the
printed circuit board P1 through the female housing 30 to
thereby electrically connect to the printed circuit board P1. As
analternative, by inserting the connector terminal 405 into the
terminal storage room 23 of the male housing 20x illustrated
in F1G. 15, the connector terminal 405 can be inserted into the
female connector terminal 50 illustrated in FIG. 15 to thereby
electrically connect to the printed circuit board P1.

As mentioned above, merely by forming the buffer portion
45b with the slit 451 extending in a length-wise direction, the
buffer portion 456 can be readily bendable not only in a
thickness-wise direction, but also in a width-wise direction.

Though the connector terminal 405 in accordance with the
second variant is designed to include the single slit 451 to
thereby divide the buffer portion 455 into two resilient pieces,
it should be noted that the connector terminal 405 may be
formed with two or more slits in dependence on a width of the
buffer portion 455 to thereby divide the buffer portion 4556
into three or more resilient pieces.

(Third Variant of the Connector Terminal)

A connector terminal in accordance with the third variant
of the connector terminal 40 is explained hereinbelow with
reference to the drawings.

In FIGS. 22A, 22B and 23, parts or elements that corre-
spond to those of the connector terminal illustrated in FIGS.
4A, 4B and 5 have been provided with the same reference
numerals, and will not be explained.

As illustrated in FIGS. 22A, 22B and 23, a connector
terminal 40c¢ in accordance with the third variant is charac-
terized in that a buffer portion 45c¢ is curved in a width-wise
direction, and the buffer portion 45¢ is hammered by pressing
to thereby have a thickness smaller than the same of the first
and second contacts 42a and 41a.

The first and second contacts 42a and 41a are designed to
have an almost square cross-section. The buffer portion 45¢ is
pressed to thereby be rolled to have an increased length and a
reduced thickness. A cross-section of the buffer portion 45¢ is
turned from an almost square one to an almost rectangular
one. Similarly to the connector terminal 40 in accordance
with the first embodiment, the buffer portion 45¢ is designed
wavy, that is, curved in opposite directions in a width-wise
direction.

By inserting the connector terminal 40c¢ into the terminal
storage room 23 of the male housing 20 illustrated in FIGS. 9
to 12, the connector terminal 40¢ can be inserted into the
printed circuit board P1 through the female housing 30 to
thereby electrically connect to the printed circuit board P1. As
analternative, by inserting the connector terminal 40¢ into the
terminal storage room 23 of the male housing 20x illustrated
in FI1G. 15, the connector terminal 40c¢ can be inserted into the
female connector terminal 50 illustrated in FIG. 15 to thereby
electrically connect to the printed circuit board P1.

As mentioned above, the buffer portion 45¢ can be
designed to have a thickness smaller than the same of'the first
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and second contacts 42a and 41a by pressing to thereby
hammer the buffer portion 45¢, and thus, the buffer portion
45¢ can be more bendable than the first and second contacts
42a and 41a. Thus, the connector terminal 40c¢ can absorb the
deflection in an axis thereof, even if the deflection is slight.

Since the buffer portion 45¢ in the third variant is pressed to
thereby be hammered to have a reduced thickness, a width of
the pressed buffer portion is greater than the non-pressed
buffer portion. If the buffer portion 45¢ were designed to have
a thickness sufficiently smaller than the same of the first and
second contacts 42a and 41a, the buffer portion 45¢ may be
designed to be broad in width.

(Fourth Variant of the Connector Terminal)

A connector terminal in accordance with the fourth variant
of the connector terminal 40 is explained hereinbelow with
reference to the drawings.

In FIGS. 24A, 24B and 25, parts or elements that corre-
spond to those of the connector terminal illustrated in FIGS.
4A,4B,5,22A,22B and 23 have been provided with the same
reference numerals, and will not be explained.

As illustrated in FIGS. 24A, 24B and 25, a connector
terminal 40d in accordance with the fourth variant is charac-
terized in that a buffer portion 454 is curved in a width-wise
direction, and the buffer portion 454 is pressed to be ham-
mered at a width to thereby have a width smaller than the
same of the first and second contacts 42a and 41a.

The buffer portion 454 bendable in accordance with the
deflection in an axis of the connector terminal 404 is designed
wavy, that is, curved in opposite directions in a width-wise
direction. The wavy buffer portion 454 can be designed to
have a width smaller than the same of the first and second
contacts 42a and 41a by punching the buffer portion 454 in a
width-wise direction.

By inserting the connector terminal 404 into the terminal
storage room 23 of the male housing 20x illustrated in FIG.
15, the connector terminal 404 can be inserted into the female
connector terminal 50 illustrated in FIG. 15 to thereby elec-
trically connect to the printed circuit board P1.

The buffer portion 454 having the above-mentioned struc-
ture is easy to be bendable in a width-wise direction, ensuring
that even if the first and second contacts 42a and 41a are
significantly deflected in a width-wise direction, the connec-
tor terminal 404 can be prevented from being buckled due to
the excessive insertion into the female connector terminal 50.
(Fifth Variant of the Connector Terminal)

A connector terminal in accordance with the fifth variant of
the connector terminal 40 is explained hereinbelow with ref-
erence to the drawings.

In FIGS. 26A, 26B and 27, parts or elements that corre-
spond to those of the connector terminal illustrated in FIGS.
4A,4B,5,18A, 18B and 19 have been provided with the same
reference numerals, and will not be explained.

As illustrated in FIGS. 26A, 26B and 27, a connector
terminal 40e in accordance with the fifth variant is character-
ized in that a buffer portion 45¢ is curved in a thickness-wise
direction, similarly to the first variant (see FIGS. 18A, 18B
and 19), and the buffer portion 45¢ is pressed to thereby be
collapsed in a thickness-wise direction to have a thickness
smaller than the same of the first and second contacts 42a and
41a.

The buffer portion 45¢ deformable in accordance with the
deflection in an axis of the connector terminal 40e is designed
wavy, that is, curved in opposite directions in a thickness-
wise direction. The wavy buffer portion 45¢ can be formed by
pressing the buffer portion to be collapsed in a thickness-wise
direction to thereby cause the buffer portion to have a thick-
ness smaller than the first and second contacts 42a and 41a,
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and pressing the buffer portion with a raised mold in a direc-
tion and with a recessed mold in the opposite direction in a
thickness-wise direction.

By inserting the connector terminal 40e¢ into the terminal
storage room 23 of the male housing 20x illustrated in FIG.
15, the connector terminal 40e can be inserted into the female
connector terminal 50 illustrated in FIG. 15 to thereby elec-
trically connect to the printed circuit board P1.

The buffer portion 45¢ having the above-mentioned struc-
ture is easy to be deformable in a thickness-wise direction,
ensuring that even if the first and second contacts 42a and 41a
are so much deflected in a thickness-wise direction, the con-
nector terminal 40e can be prevented from being buckled due
to the excessive insertion into the female connector terminal
50.

(Sixth Variant of the Connector Terminal)

A connector terminal in accordance with the sixth variant
of the connector terminal 40 is explained hereinbelow with
reference to the drawings.

In FIGS. 28A, 28B and 29, parts or elements that corre-
spond to those of the connector terminal illustrated in FIGS.
4A,4B,5,20A,20B,21,26A,26B and 27 have been provided
with the same reference numerals, and will not be explained.

As illustrated in FIGS. 28A, 28B and 20, a connector
terminal 40fin accordance with the sixth variant is character-
ized in that a buffer portion 45fis curved in a thickness-wise
direction, similarly to the fifth variant (see FIGS. 26A, 26B
and 27), the buffer portion 45f'is pressed to thereby be ham-
mered in a thickness-wise direction to have a thickness
smaller than the same of the first and second contacts 424 and
41a, and the buffer portion 455 is formed with a slit 451
extending in a length-wise direction of the connector terminal
40f, similarly to the second variant (see FIGS. 20A, 20B and
21).

The buffer portion 45f bendable in accordance with the
deflection in an axis of the connector terminal 40fis designed
wavy, that is, curved in opposite directions in a thickness-
wise direction. The wavy buffer portion 45/ can be formed by
pressing the buffer portion to be hammered in a thickness-
wise direction to thereby cause the buffer portion to have a
thickness greater than the first and second contacts 42a and
41a, unlike the first variant, and pressing the buffer portion
with a raised mold in a direction and with a recessed mold in
the opposite direction in a thickness-wise direction.

The slit 451 extending in a length-wise direction divides
the buffer portion 45finto two resilient pieces both of which
are in the form of a thin plate.

By inserting the connector terminal 40f into the terminal
storage room 23 of the male housing 20 illustrated in FIGS. 9
to 12, the connector terminal 40f can be inserted into the
printed circuit board P1 through the female housing 30 to
thereby electrically connect to the printed circuit board P1. As
an alternative, by inserting the connector terminal 40finto the
terminal storage room 23 of the male housing 20x illustrated
in FIG. 15, the connector terminal 40f'can be inserted into the
female connector terminal 50 illustrated in FIG. 15 to thereby
electrically connect to the printed circuit board P1.

As mentioned above, merely by forming the buffer portion
45f'with the slit 451 extending in a length-wise direction, the
buffer portion 45fcan be readily bent not only in a thickness-
wise direction, but also in a width-wise direction.

Though the electric connectors in accordance with the first
and second embodiments and the connector terminals in
accordance with the first to sixth variants have been explained
so far, it should be noted that the subject matter of the present
invention is not to be limited to those specific embodiments.
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For instance, though the buffer portions 45 and 454 to 451
in the connector terminals 40 and 40a to 40fare designed to be
curved in a width-wise or thickness-wise direction, they may
be designed to be curved in both width-wise and thickness-
wise directions, in which case, the buffer portion may be
curved in a thickness-wise direction at a curvature greater
than a curvature at which the buffer portion is curved in a
width-wise direction, or vice versa.

INDUSTRIAL APPLICABILITY

The electric connector in accordance with the present
invention can be used in various fields such as electrical and
electronic fields and a field of an automobile, as a connector
to be used for electric and electronic parts or a connector to be
mounted in an automobile.

While the present invention has been described in connec-
tion with certain preferred embodiments, it is to be under-
stood that the subject matter encompassed by way of the
present invention is not to be limited to those specific embodi-
ments. On the contrary, it is intended for the subject matter of
the invention to include all alternatives, modifications and
equivalents as can be included within the spirit and scope of
the following claims.

The entire disclosure of Japanese Patent Application No.
2012-211374 filed on Sep. 25, 2012 including specification,
claims, drawings and summary is incorporated herein by
reference in its entirety.

What is claimed is:

1. An electric connector comprising:

a connector terminal including a first contact at one end, a
second contact at the other end, and a buffer portion, said
connector terminal electrically connecting a first object
connected to said first contact to a second object con-
nected to said second contact, said buffer portion being
bent in accordance with a positional gap between said
first and second objects, and said buffer portion being
smaller in one of thickness and width than each of said
first and second contacts;
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a first housing mounted on said first object, said connector
terminal being housed in said first housing;

a second housing formed with a through-hole into which
said second contact is inserted, said second housing
including a guide for introducing said second contact to
said through-hole when said second contact is inserted
into said through-hole,

wherein said second housing has a hollow space into which
said first housing is fit.

2. The electric connector as set forth in claim 1, wherein
said buffer portion is curved in at least one of a width-wise
direction and a thickness-wise direction thereof.

3. The electric connector as set forth in claim 1, wherein
said buffer portion is formed with at least one slit extending in
a length-wise direction thereof.

4. The electric connector as set forth in claim 1, wherein
said first and second contacts are comprised of at least two
layers of a folded plate to be thicker than said buffer portion.

5. The electric connector as set forth in claim 1, wherein
said buffer portion is pressed to be buckled or punched to
thereby be smaller in one of thickness and width than each of
said first and second contacts.

6. The electric connector as set forth in claim 1, wherein
said guide includes:

a hole leading to said through-hole; and

a slope downwardly inclining in a direction in which said
first contact is inserted into said through-hole, and mak-
ing contact at a lower end thereof with an upper end of
said hole.

7. The electric connector as set forth in claim 1, wherein a

plurality of said connector terminals is arranged in a line,
said electric connector includes a plurality of said guides in
accordance with said plurality of said connector termi-
nals, and

each of said guides has a rectangular entrance opening, said
guides being arranged in a line such that an entrance
opening of a first guide is located close to an entrance
opening of a second guide disposed adjacent to said first
guide.



